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ABSTRACT 


Evidence is presented for the existence of two chemically 
distinct species of thallium (I) in solutions of thallium (I) acetate 
in acetonitrile, p-dioxane, and iso-propyl alcohol and binary 
mixtures of these solvents with water. These species are the 
solvated free thallium (I) ion and an ion-pair with acetate. Ultra- 
violet absorption spectra of the salt showed that the position of an 
absorption maximum due to ion-pairing occurs at lower energies 
thamthatedue to the solvated free thallium (1)ion. The wavelength 
maximum of the TiO@Acwon-pair bandjis sensitive to changes in the 
nature of solvent, added alkali perchlorates, and temperature, 
while that of solvated free thallium (I) ion is strongly solvent 
dependent but is not affected by added alkali perchlorates or 
temperature change. The absorption bands of the two absorbing 


Species are attributed to: a 2 ees transition.) enalliana a) 


1 
fOnstOris: a, stablemon-pair, or 1:j complex with acetate ion in 
acetonitrile. The formation eet of the ion-pair was deter- 
MiMeasiieacetOnittitesand the sloo Ko value was found to be 5.7 20,2 
at 25°C and an ionic strength of 0.01. 

The polarography of thallium (I) acetate, perchlorate and 
tetrafluoroborate was studied in acetonitrile, using Ag/ AgNO, 
0.01 Min acetonitrile as a reference electrode. The half-wave 
potentials of the TlOAc ion-pair and the solvated free thallium (1) 


ion were found to be -0.64 and -0.54 v., respectively. The 


perchlorate and tetrafluoroborate salts are reversibly reduced, 
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while the acetate shows some irreversibility. In acetonitrile/water 
mixtures thallium (I) ion is preferentially solvated by water. The 
half-wave potential of solvated free thallium (1) ion in acetonitrile 
appears to be slightly affected by the nature and concentration of 
supporting electrolytes. 

Electrical conductances of thallium (I) acetate in water, and 
binary mixtures with acetonitrile, p-dioxane and iso-propyl alcohol, 
and of thallium (I) perchlorate in 86.8% (w/w) acetonitrile/water 
mixtures were determined at 25°C. The experimental results 
were analyzed by the Fuoss-Onsager theory. The conductometric 
behavior of thallium (I) acetate was compared with that of thallium(I) 
perchlorate in 86.8% (w/w) acetonitrile/water solutions. In 
this solvent system TlOAc behaves as a weak electrolyte existing 
largely as ion-pairs, whereas TIC1O, is completely dissociated. 
Solutions of TlOAc in 69.7% (w/w) p-dioxane/water showed 
significant association of ions into ion-pairs. The inconstancy of 
the Walden products for TlOAc in acetonitrile/water , p-dioxane/ 
water and iso-propyl alcohol/water is discussed in terms of 
variations in the effective ionic radii of the primary solvation 
sheath with solvent composition. The association constants of 
thallium (I) acetate in 86.8% (w/w) acetonitrile/water and 69.7% 
(w/w) p-dioxane/water were determined and were found to be 
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Chapter 1 


Introduction 


InvlkeGl SireWilliarm Crookes he discovered spectroscopically 
anew element and named it 'thallium!' from its light green line 
(535 my) on the spectroscope (thallos, in Greek, means a green 
twig). Thallium is found in the earth's crust with estimated per- 
centage of abundance to be about 1 g/metric ton. It occurs in few 


minerals such as lorandite TlAsS,, hutchinsonite (T1,Cu,Ag),As 53° 


ae Z 
PbAsoSy , and crooksite (T1,Cu,Ag),Se. 

tiie lium leew itnealemicemuni ber Of.0leandsatomic weight of 
20a eisai group leoithes Beriodic table along withsboron, 
aluminum, gallium, andindium. It is soft and of metallic appear - 
ance with a fairly high density (11.85 low at 20°); eataiey age. 
Dabs Veep SM Hreshlvecit toalliumunetalhas ametallic luster 
which rapidly dulls by reaction with oxygen to form thallium (I) oxide. 
In water containing air it is oxidized to thallium (1) hydroxide, but 
inv oxy cen-iree water if does not react\at ordinary temperature. 
here ares voscominonlys:OuUnd Jsovopes),.1.,e., 21-203 and [1-205 
with the percentage of abundance being 29.5 and 70.5, respectively. 
Thallium has two comparatively stable states, i.e. , univalent Ger ) 
and trivalent (Tee ). The more numerous and stable salts are of 
the univalent group., The Tl’ and Tl°” ions differ markedly in 


MAANVE CMe re puODeT ties, .e. 2). Tiga haselittle tendency to form 


f+ 
complexes whereas T1° shows strong tendency to do so. 
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It would be worthwhile to mention here the toxicity of 
thallium and its salts*»5 ROMMG On CC Or ihe Tictaler thithete laine 
dangerous and should be avoided. Thallium salts are strong 
nerve and protoplasmic poisons; their action is similar to that of 
arsenic and lead compounds. The accidental ingestion of inorganic 
salts of thallium has induced prompt and severe gastroenteritis 
followed by respiratory difficulties , tremors, convulsions, motor 
weakness, polyneuritis, muscular paralysis, loss of hair, loss of 
Hatlceancd peeling or the skin of the fect, There is extensive 


¢ and antidotes 


medical literature dealing with the toxicity of thallium 
for acute thallium poisoning’. The maximum allowable concen- 
imation of soluble thallium salts in “air is’ 07 1°mp/cubic meter 
iiewmethamoaoseias peel Teporred tore abouL UO. 2 Oo. ‘ According 
to the toxicity mentioned above, the handling of thallium and its 
salts without protection should be prohibited. 

Thallium itself has limited applications but its salts 
are widely used, for instance , as rodenticides and insecticides 
(now illegal in the United States), in photoelectric cells and 
detectors in the infra-red range and in making a monochromatic 
green flame. Certain thallium salts such as thallium (I) 
carbonate , bromide, and iodide are used in the manufacture of 
optical glass with a high refractive index, and also in the prepar- 


ation of opaque black or brown glass. Thallium (I) sulphide has 


been used in semiconductor devices. 
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1454106 2 ground state configuration, 


Since T1+ ion has (Xe)4f 
it is isoelectronic with atornic mercury. The spectroscopic notation 
of the ground state is 6S, for free Tl? ion. The low lyanerexcited 
configuration (6s) 1(6p)! , obtained by promoting an electron from 
the occupied s to the unoccupied p orbital, consists of three triplet 
states ae. or seand *P) and one singlet state (meee The energy 
difference between the low lying excited state and the ground state is 
about 7 electron volts (eV). 

Although T1* has about the same ionic radius as K* and Rb* 
fons (@ heel lap awe 44gAr Kees 13 3yA teRbM = 1448 A),its 
Saltsmbenavcriquiterdiifternentliyeiromes the, salts of Kt and Rb~ 
which are completely dissociated in aqueous solution. This anom- 
alous behavior of thallium (I) salts has been attributed to the 
tendency of T1* to distort in an asymmetric field’. 

Murine theslast decade, the chemistry of le tongin aqueous 


solution has been studied extensively using electrical conductivity! ri] 


and Polaualit ais Me measurements, niltaast oles 314,15 a 


Tiig low Lg 


nd 
Doren spectroscopy and N.M.R, Work has also been 
reported in other media such as in thallium-doped alkali-halide 


20 21,22 on in various kinds of glasses“? yee 3 


crystals using 
absorption and emission spectroscopy. 

In water as solvent, T1* ion associates appreciably with 
anions of low charge, e.g. halides, thiocyanate and hydroxide. 


Chloride complexes of Tidion in aqueous solution have been 


investigated by measuring the solubility of T1Cl in solutions of 


rich 


alkali metal chlorides and confirmed spectrophotometrically by 


26.5200 


Hu and? Scott who showed that T1Cl and TIC1,~ exist in the 


solutions. Scott and coworker 528 


studiedithe premides complexes 
of T1* ion using optical absorption and solubility measurements. 
Kulba and IWerereyavanne © bavelshown that lil; TH,” and Ties exist in 
Kitsolutions ‘containing Ell.” Thiocyanate complexes of ‘Tee ton 
have been studied potentiometrically~” and their solubilities have 


. Le “ a : Bae 
Deemdctemminedas 984! hetassociation constants for the ion-pairs™ 


eo lLIGPy Gl OlewandMaASGN have been reported’ by Bell and Geeause 

The spectroscopic method can be used tostudy ion-pairs and 
complex formation by observing the shifts of individual absorption 
bands provided that the free ions and the corresponding ion-pairs 
or Seats 3 have different absorption maxima. Popov and 


ene 
1 and Kolthoff et al concluded that the spectra of the 


Humphrey” 
ion-pairs are identical with those of the free ions. Griffiths and 
Simons”? , in opposition to this, observed that the absorption bands 
ascribed to contact ion-pairs of tetra-alkylammonium iodides in 
solvents of poor ion-solvating pow2r occur at different wavelengths 
from those of separated solvent ion-pairs and solvated free iodide 
ions. Bell and yareye) Ghwea gee F measured the ultraviolet absorption 
spectra of aqueous solutions containing Tl? and OH ions and showed 


that there are two distinct absorbing species with different band 


inexima-.  ehatiian ridieous showed no substantial evidence for 


* This term includes the contact, solvent-shared and solvent - 
separated ion-pairs and will be used throughout this thesis 
when distinctions between them cannot be made. 
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covalent binding in T1OH. 

A comparison of the half-wave potentials obtained from 
polarographic measurements in two solvents yields information 
about the solvation energy of a given cation in the two solvents. 


32nd lle 


For example, it has been found that alkali metal ions 
ion?” are easier to reduce in acetonitrile than in water, showing 
that the metal ions have lower solvation energies in the former 
solvent than, inijthe latter. one. 

Since ion-pairs formed in a solution generally will not con- 
tributesto the conductivity+of the ition the measurement + jof 
electrical conductivity provides a valuable method of studying 
ion-pair formation, solvation and mobility trends of a given 
electrolyte.) The conductivity of thallium (I) acetate has been 
measured at 25nC in water up to a concentration of 0.01 M by 
Robinson and Dratees” who reported the conductivity welite at 
infinite dilution ( ie) to be 115.63 and a dissociation constant of 
lncemlietoriiaiicdes as solvent.athe equivalent conductances, at 
infinite dilution for TINO, anda bilQacalaye Deehe Le portedatG pe 
Sonoran arz &..(D% Hrepyneremnetby Y Cacer sib Reaatvortecll? who 
made a conductance study of thallium (I) perchlorate and tetra- 
fluoroborate in acetonitrile, reported the limiting equivalent 
conductances for the salts to be 195.2 and 199.1, respectively. 

Measurements of N.M.R. chemical gee" Ee, for thallium 


(1) salts in aqueous solution indicated the existence of hydrated 


ion-pairs. The change in the hydration of the ion-pairs observed 
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by varying the anion concentration or by the addition of another 
constituent is believed to be responsible for the linear chemical 
Bbiit eo hed R studies showed strong evidence that the 
ion-pairs of thallium (I) acetate in concentrated aqueous solutions 
are of a predominantly electrostatic character. Freeman and 
coworkers’ ‘ reported that the value of the ion-pair dissociation 
constant for thallium (I) acetate in a concentrated aqueous solution 
cannot be obtained by spectroscopic methods because of the 
absorption of the acetate ion. 

A limited number of investigations for thallium (1) salts 
have been done in non-aqueous solvents. For example, Scott and 
HuX! studied the effect ofsolvent properties on the absorption 
Specitia,o schloride complexes, of 11 ‘ions water /alcohol mixtures. 
tiheserectrical conductivities of TINO, and LiOA cin formamide? 
and of TIC1O, and WIDE 1D acetonitrile?! have been measured at 
heel Polarographic measurements of T1* ion have been made in 
acetonitrile? ® ; A eelc cies , cthylene Pl colae ; Brevlenediarainows ; 


poms Ther solabilitiestot 


43 ,44 


fopmianidees , and dimethyl sulphoxide 
thallium (I) halides have been studied in dimethyl sulphoxide 


47 
ae pei ctiy echo Ge and ethyl alcohol 


acetonitrile 
In this study it was proposed to examine the spectra of a 
number of thallium (1) salts in aqueous and non - aqueous 
solutions , and to correlate spectral data with polarographic and 
conductometric work. The work centered on the behavior of TlOAc 


in acetonitrile and water solutions: the formation of ion-pairs, 


and the interpretation of ultraviolet absorption spectra. 
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Ghaptere2 
Ultraviolet Spectroscopy of the Thallium (I) Ion 
BACKGROUND 


Thallium (1) ion, ier , with 80 electrons and the ground state 
electronicrcontiguration of (else) sales is isoelectronic with 
atomic mercury lew The electronic absorption of isolated me. 
ion which involves only the valence shell electron gives rise to 
‘"hyebere sepectta, atypically the s-p transition. # The ground state 
term of gaseous free T1* ion is ‘S, ancaithe termis forsthe first low 
lying excited state af configur ation 6st 6p! are im Onder Ol increasing 
eneroy, ai, ; ae ; AB and Bh. Uesenero1essOtine 1ivewowest 
levels for gaseous free Pi aonare eiveneine baple leandetherGrotrian 
diagram is shown in Fig. l. 


TABLE I 


Energy Levels of gaseous free T1™ ion 


Spectral term 


49 ,451 
eva ele) 
olgv25 


(5,000 


@ See reference 48. PSee reference 49. 
* Value relative to limit of 6s!nd! 3D) series 164,800 cm or 20.33 eV. 
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Figure 1. The Grotrian diagram of gaseous free Tl” ion, 
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The allowed transitions from the ground states (is are to 


1 ) 
the a and a levels with strong and medium relative intensities, 
1 


: : S 
Respectively, i.c,, tnewP ts S transitionthas a smaller trans - 
1 0 


ition probability, owing to only partial mixing of the two terms by 


spin-orbit coupling, than that of the “s Bee transition. 
l 0 


The absorption and emission spectra of T1? ion have been 


13e ee 2 0225 


studied extensively in different media Tberspectra 


of thallium-doped alkali halides have been investigated by several 


Motiereco ce 50-52 — 


Une tirst theoretical explanation of the 
absorptionespectra was interpreted by Seitz“? im termicnot electronic 
transitions within the T1T ion perturbed by the surrounding crystal 


Gaia iWahpeene ee 


calculated quantitatively the configurational 
coordinate model of the center, 

Seitz sugpected@ea modelibasced onthe excited states of airee 
T1T ion in a cubic field, i.e., a single T1™ ion occupying an alkali 
Meealion site in a sodium chloride type lattice. The schematic 
diagram showing the effect of the crystal field on the energy levels 

ee ’ ‘ ’ Oe Wee 
6fIy ion is shown in Fig. 2 . The allowed spectral transitions 


for T1* ion in a cubic field, OL» are presented in Table II (see 


reference 55). 
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(a) gaseous free Tl ion. 


occupying a positive ion site in a sodium chloride type lattice. 
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(b) Cubic symmetry: a single Tig Gion 
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TABLE II 


The spectral states of thallium (I)"ion in’a cubic field 


Representation Observed relative intensity 
of transition to state 


ee (ground state) 
uy (not observed) 
atin Mediumt 
op and a: Very eat 
2 2 
cs Strong 


Sie 


Appears as a medium shoulder (f~0.1) on the low energy side of 
the spectrum. 
Obpeerved only initherexcitation spectra of T1* in alkali halides. 


The study of a thallium-doped potassium chloride29->4 spectrum 


showed that T1* ion replaces some KT ions in the crystal’structure, 
giving rise to the growth of two principal absorption bands at 196 m/e 


and 247 m# with a subsidiary one at 210 my . The 196 mae band 


has been attributed to a *Pe 5, transition and the 247 my band 


a4 
pe ae rie Spears) ee 


24,25 ; sulphate*? . 


toa pene transition in T1~ io 

itions for Tl~ ion in giacsec.. 6.0 spuospiace 
24 

Siete , aluminoborate , and fused secs OCCUr aiethie tr eULOl 


24 concluded that a second 


Gi 20G HO 250 my (see Table III). Ghosh 
band at about 253 mf ; observed from the spectra of T1* ion in 


fused silica and phosphate glass, is possibly due to a combination of 


dimers and higher aggregates of Tiy ions The frequency of 
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3 
the Bama Ss band for Tl? ion in chloride-sulphate glasses has 
been observed to be blue shifted; the shift increases with an 
increase in the ratio of sulphate:chloride®?. Duffy and Ingram” > 


suggested that the blue shift can be regarded as corresponding to 
an increase in the s-p separation, indicative of increasing ionicity 


in the interaction between Tl* ion and surrounding anions. 


Erombenz and Lih!> , Pringham and ae , Makishima et Pine. 


studied the absorption and emission spectra of T17* ion in solutions. 
In water as solvent, an absorption band is observed at 213 my for 
thallium (I) salts 13, 24 : In aqueous alkali-halide solutions, 


the, banatat 213 my has been observed to shift to about 243 mye in 


Dall bo 


T1C]-CaCl, » 247 mye in TIC1-KC1°> andi 265 my ing lL SBrekKer 


solutions., For Tl#-KEF solution the band still remains at 213 my 
: 24 : (2n-1)- 

Itis assumed that the same type of thallium center, (T1X,) 

(where X = anions neighboring the central ale ion) is present in 


2n-l)- 
allesystenrs5.¢.9. (r10,)' configurations are formed in 


(2n-1)- (nie 


glasses and in aqueous solution, (TICL ) and (T1iBr) 


complexes are formed in the T1C1-KCl and T1Br-KBr solutions. 
The absence of the low energy band in TIF -KF solution was taken to 


ASEAN: complexes@*, aise con- 


imply the absence of (TIF,) 

cluded that the absorption and emission spectra of TL? ion in fused 

silica, aluminoborate and phosphate glasses are similar to those of 

thallium-doped alkali halides and solutions. The energies of 

absorption maxima in different media for the long wavelength band 
] 


3 
which corresponds to the at So transition are given in Table III. 
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TAB Ei 
Energies of absorption maxima for name transition for thallium (I) 


10m in various media 


Absorption maxima 
Reterence 


Monee (my ) 

Free ion 52,400 191 59 
Sulphate glass 48 ,000 208 (h) 
Phosphate glass 23) ATH Ze. 24 
Silicate glass 40 ,000 250 23 
Fused silica 46,948 Oks 24 
Aluminoborate glass| 46,296 216 24 
KCl crystal 40,421 247 24 
KBr crystal Bon Lo? 262 20 
Ki crystal 34 ,692 288 20 
NaCl crystal Se) am 255 20 
NaBr crystal Si) 45) pe) 268 20 
Nal crystal 34,047 974 20 

Water 46 ,948 Zales. 24 
KCl solution 41,667 240 Iee5s 
KBr solution Sie 0 265 28,58 
KF solution 46 ,948 Ps 57 

Ae eS 2. 243 Bay. 
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From the results shown in Table III, it can be concluded that 
the shift of the “pj's, band corresponds to the change of s-p 
separation in the energy diagram (see Fig. 2) which is due to the 
perturbation of T1~ ion by the surrounding anions. 

Although T1* ion has abnormally strong hydr Pe enae elias 
believed that it is one of the few univalent cations which associate 
appreciably with anions of low ae ae . Scott and Hu2? » who 
measured the absorption spectra of luminescent TICI in KCl 
solutions , reported that thallium may, be present in the form of see 
T1Cl or TICl,”. The dissociation constants and molar absorpti- 


Wities sOGeLibr. 1 [Br 
28 


> and MBE were determined by Scott et 


al. The ultraviolet absorption spectra of solutions containing 
T1t and OH” ions have been measured by Bell and Eee nee ee 
who showed that there are two distinct absorbing species, i.e. , 
free T1* ion and the associated thallium (Cipivydroxides sin the 
solutions. As peaein of TIC1O, in solutions of HClO, and certain 
perchlorates has been found spectrophotometrically by Zagorets and 
Bulgakova!?. 

Freeman and Bot or icercake DhaveweeporlecdalLualconcentratea 
aqueous solutions of T1? ion and univalent anions may contain ion- 
pairs in which Tl? and the anion are associated long enough to 
be treated in terms of an equilibrium. In non-aqueous solvents, 


thats Lyescts we sete bl Gillie IbryelligntiONrandsll@Ac etc. , 


are probably present, even in dilute solution, largely as ion-pairs. 
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The various forms of ion-pairs may be shown by the following 


equilibria where S represents a solvent molecule: 


TIX SSeS ryt xT yo S71" (s)x7 


+ 
(solid) * solv’s S i sie : ole 
solvated solvent - solvated free ions 
contact shared 
ion-pair® ion-pairP Ei 
Tea S ee 


solvent-separated ion-pair© 


In this chapter thallium (I) acetate is examined spectro- 
scopically, with a detailed study of the acetonitrile system and 
comparisons with a number of other solvent systems. Spectra 
are interpreted in terms of ion-pair formation, and the association 


COustante.O0 the i0n-palr in acetonitrile is measured. 


2 Contact ion-pairs are two ions, cation and anion, linked electro- 
statically with no intervening solvent molecules 3, 

b Solvent-shared ion-pairs are two ions, cation and anion, linked 
electrostatically through a solvent molecule, this molecule being 
part of the primary solvation shell of both ions33 62, 

© Solvent-separated ion-pairs are pairs of ions linked electrostatic- 

es 2% Bon 02 

ally but separated by more than one solvent molecule : 
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EXPERIMENTAL 


Reagents and Apparatus 
Deionized water was prepared by passing distilled water 
through a 1 m column of mixed bed ion-exchange. Deuterium 
oxide (Merck Sharp & Dohme) was used as received. The following 
spectrograde solvents (Matheson Coleman & Bell) were used: 
acetonitrile, p-dioxane, dichloromethane, bis-(2-methoxy ethyl) 
ether , methyl alcohol, iso-propyl alcohol, iso-butyl alcohol, iso- 
pentyl alcohol and n-butyl alcohol. Reagent grades n-propyl 
alcohol, 95% ethyl alcohol, tert ~butyl alcohol, 3,5,5-trimethyl 
hexanol, cyclohexanol, cyclopentanol, and 1 ,2-dimethoxy ethane 
were purified by methods based upon Weis ener ae 
Reagent grades (99.9%) T1C1, TIBr, TH, T1,S0,, TINO, 


(Meonerepocicntitic Conse li PIOGN.. LIOK T1,C0 , and thallium 


S 
(Ijmmaalonate (TiC, O) ) (Alfa Inorganics, Inc.); thallium (1) 


3°24 
formate, TICHO, (J. T. Baker Chemical Co.) and T1C10, (Varlacoid 
Chemical Co.) were recrystallized ocr deionized water and 
properly dried. Ultra-pure grade (99.999%) thallium (I) acetate, 
.T1CjH20, (Alfa Inorganics, Inc.) was used without further purifi- 
Gatloneemitawacs dried in aivacuumsoven fat GOmC LonecenOoUncseand HO°C 
for 6 hours. Thallium (I) tetrafluoroborate, TIBF,, was prepared 
by the method of Yeager and rene cae In this method a slight 
excess of an equivalent of 40% fluoroboric acid (Baker and Adamson) 


was mixed with an equivalent of thallium (I) carbonate. The mixture 


was filtered and the resulting salt was washed several times with 
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absolute ethyl alcohol to remove excess acid. The salt was dried 

at room temperature in a vacuum oven for 1 hour and redried at 
50°C for 3 hours and at 105°C for)? hours. | Thallium: (1) propionate, 
Pee [eh » was obtained by mixing a slight excess of an equivalent 
of propionic acid (J. T. Baker Chemical Co.) with an equiv - 

alentof T1OH. The resulting salt was washed with acetone to 
remove excess acid and was dried at any for 2 hours and 105°C 

for 3 hours in a vacuum oven. 

Sodium perchlorate, NaClO,(G. F. Smith Chemical Co.), 
tetraethylammonium perchlorate, Et,NC1O, and tetra-n-butyl- 
ammonium perchlorate, (n= Bu) {NC1O; (Eastman Organic Chemicals) 
were recrystallized from deionized water and dried in a vacuum oven 
ateLogsG. Tetramethylammonium acetate, Me ,NOAc (HMastmian 
Organic Chemicals) was recrystallized from acetonitrile and dried 


at 40°C for 12 hours and 60°C for 3 hours in a vacuum oven. 


Spectrophotometry 

Electronic absorption spectra were recorded by means of a 
Cary Model 14, a Jasco ORD-UV 5 and a Unicam SP 800 spectro- 
photometer. The latter spectrophotometer was used for absorbance 
measurements in the determination of the association constant of 
tiabliime())eacetate in acetomitrile, )TAllmmeasuréementevexcept those 
designed to study the temperature effect were run at Ae. Measure- 
ments of absorption spectra at fixed temperatures were carried out 
on the Cary spectrophotometer using a thermostatted cell- 


compartment; the temperatures were constant during measure- 
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ments to about £0.1°C. Quartz cells of 1 and 0.1 cm path lengths 


were used with a matched reference cell filled with solvent. 


Determination of Association Constant of Thallium (I) Acetate in 


Acetonitrile 

The Unicam SP 800 spectrophotometer was used to measure 
the absorption spectra of thallium (I) perchlorate and acetate in 
acetonitrile solutions. All solutions were prepared by weight, and 
thermostatted at 25 £ 0.1°C during measurement. Tetra-n-butyl- 
ammonium perchlorate (about 0.01 M) was used to maintain constant 
POnice-Leeneth mr ierdene ty ofacetonitrile is 097765 0. /ml which 
was used to convert the concentration of all solutions to molarities. 
A mixing chamber shown in Fig. 3, designed by tones was used 
to mix separate solutions and make spectral measurements without 
exposure to the atmosphere. <A 200 ml volumetric flask was 
modified by addition of a side arm to which a conventional 1 cm 
rectangular quartz cell was connected by a lapped standard taper 
joint. The standard taper flask stopper was machined from Teflon 
and contained a silicone rubber septum through which solutions could 
Besse cted.. eeuinc injections of tetramethylammonium acetate in 
acetonitrile solution to the solution of thallium (I) perchlorate were 
made by using a 100- jee Hamilton gas-tight syringe equipped with 


a Teflon-tipped plunger , Chaney adaptor and platinum needle. 


Method of Association Constant Measurement 


The mole ratio method was used to determine the association 


constant of thallium (I) acetate in acetonitrile. This method 
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Figure 3. Spectrophotometry cell used in association constant 


determinations. 
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involves absorbance measurements of a solution in which the 
concentration of one species is held constant while that of a second 
is varied. The absorbance measurements were made at 255 mye 
which was the wavelength maximum of the ion-pair of TlOAc. 
Infthisie< periment about 10: to, l5 meof thallium)(1) per- 
chlorate was weighed in a Teflon cup (1/4 inch high x 1/4 inch 1.D.) 
with a Sartorius analytical balance. The salt cup was placed in 
Ehe-imicneichamben alonpawith.the? lcm, cell. and a, leflontstirring 
bar and a solution (about 1.0 x 107° M) of tetra-n-butylammonium 
perchlorate in purified acetonitrile (used to maintain constant ionic 
strengra). pe Lhe solution wacsstirned:, andthe absorption) spectrum 
of T1C1O, in acetonitrile was run over the wavelength region 
between 200 and 325 m/e. At the same time a concentrated 
solution of tetramethylammonium acetate in acetonitrile was 
prepared and analyzed for accurate concentration by direct titration 
WittEnstandardiperchloriceacid insolacialeacetic acid.) «ihe 
acetate solution was then injected into the chamber and the 
solution was stirred. The absorbance values of the ion-pair of 
T1OAc were measured at 255 mat and plotted as a function of the 


acetate concentration. 
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RESULTS AND DISCUSSION 


Absorption spectra of thallium (1) salts in polar solvents 


A survey of the absorption spectra of thallium (I) salts 
was made in water, methyl alcohol and acetonitrile. It was found 
that all of the salts used in this study gave a single absorption 
bandsatec1 3 m in water and 219 min methyl alcohol. These bands 
are asymmetric and independent of the anions present. The 
absorption maxima of the salts in acetonitrile are summarized 
in Lablesly . 

The absorption bands in the region between 209-220 m/e shown 
in Table IV are attributed to solvated free Tl* ion. This was 
contirmed,by the présence of only one band in the same region as 
observed from thallium (I) perchlorate and tetrafluoroborate 
solutions. On the other hand, the low energy bands at 242-256 mye 
region observed in acetonitrile are attributed to ion-pairs. As 
shown in Table IV, there is a red shift for the low energy bands as 
covalency increases in Tl ion-anion interaction (i.e., on going from 
the hydroxide, chloride, formate to propionate ion-pairs), that is, 

a decrease in the s-p separation. Both absorption bands due to 
solvated free T1* ion and its ion-pairs are attributed to a 
PS, transition. 

lt is seen that TICIO, and TIBFy show only single absorption 


Danie avec 2 a whereas T1Cl, TIOH and TlOAc etc. have two bands 


in acetonitrile, i.e. , one band due to solvated free T1* ion and the 
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TABLE IV 


Absorption maxima of thallium (I) salts in acetonitrile 


Compound yale (mz) 
Jhe 210 
T1Cl 209 (sh), 
silieies : ROSE Caley) 
TI 209 (sh), 
TIOH 209 (sh), 
TISCN 210 (sh), 
“TINO, GLO 
TICIO, ea 
TIBF, 212 


TIOOCH (formate) 
TIOOCCH3 (acetate) 


UII OE (propionate) 


ZAteas 1) 
ecu sii)» 


BZOa(sii)s 


sh = shoulder 


a,b, Anion absorption interferences. 
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other to ion-pairs. It would seem that the first two salts are 
completely dissociated in acetonitrile while the latter salts are 
not. It has been reported” that TIC1O, and TIBF, show some 
association in acetonitrile with the values of association constants 
Of zeaneele ereapectively.. However, the concentrations of 
associated T1C1O, and TIBF, are probably not high enough to give 


rise to observable bands. 


Absorption spectra of thallium (I) acetate in pure solvents and 


binary aqueous solvent mixtures 


The wavelengths of maximum absorption ( pe )ifcund tor 
TlOAc in various solvents at 20°C are presented in Table V and 
some examples of change in absorption spectra with solvent are 
shownin Hig. 4. 

From the results summarized in Table V, two classes of 
solvent can be distinguished as follows: 

(i) solvents having dielectric constants greater than about 
ZUPeinewotehtne:solvated tree loswvon predominates; 

(ii) solvents having dielectric constants less than about 20, 
in which ion-pairs can form. 

Absorption bands occurring in solvents of class (i) were observed 
in the region of 210-220 m /¢ and those formed in solvents of class (ii) 
were found in the 238-264 me region; with the exception that 
solutions of p-dioxane and acetonitrile showed two absorption bands, 


one at 218-220 mf, the other at 2o>-2o8 oe This anomaly will 
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Wavelength maxima of the absorption spectra of thallium (I) acetate 


in various solvents 


Solvent 


Dielectric const ant* 


oe, ax boa?) 


Water 

Heavy water (D,0) 
Methyl alcohol 

Ethyl alcohol 

n-Propyl alcohol 
iso-Propyl alcohol 
n-Butyl alcohol 
iso-Butyl alcohol 
tert.-Butyl alcohol 
iso-Pentyl alcohol 

Goo pimethy le hexanol 
Cyclopentyl alcohol 
Cyclohexyl alcohol 
p-Dioxane 

1 ,2-Dimethoxy ethane 
Bis-(2-methoxyethyl) ether 
Dichloromethane 


Acetonitrile 


LO: 


14, 


2 220 (sh), 258 


f4 Loe 


aul 264 


244 


218 (sh), 255 
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Figure 4. Thallium (I) acetate spectrum in water ( ——_—_-_—-_ ), 
p-dioxane (— -— -— ), methyl alcohol (—--—-- ), iso-propyl 


alcohol (-.++ +++), and acetonitrile (---- -- eat 20°C: 1-mm cell. 
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be discus sed later. 

It appears that solvent changes affect the absorption maximum 
of the band due to solvated free T1* ion, i.e. , the more polar the 
solvent, the higher the energy (shorter wavelength) of the absorption 
band. Polar solvents interact electrostatically with Tl? ion and 
tend to stabilize the ground state more than less polar solvents, 
giving rise to a decrease in s-p separation with decreasing polarity 
of the solvent. No similar trend was observed in the shift of bands 
due to ion-pairs. It should be noted that there is no simple 
correlation between the bulk dielectric constant of the solvent and 
the absorption maxima of the bands observed in the two classes. 

Addition of water to a solution of TlOAc in iso-propyl alcohol 
resulted in the rise of one band and the diminution of the other as 
represented by dasuperinmiposition of the spectna; “athe relative 
amounts of each spectrum present being a function of the solvent 
composition (described as a 'band Snece Dhistswallustrated 
Dymiesslecltragsiownin Pig. 5. elhbese spectra indicate clearly the 
presence of two distinct absorbing seeders the solvent system. 
This behavior is quite different from those found in ethyl alcohol/ 
water and methyl alcohol/water mixtures. In these mixtures only 
a progressive shift of absorption band from its position in one 
solvent to its position in the other without any abrupt change in the 


ay 


band shape and intensity was observed (described as a 'band shift' 


Figure 6 shows the process examined in ethyl alcohol/water system, 


The band change process was also observed when small amounts of 
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Figure 5. Absorption spectrum of thallium (I) acetate in iso-propyl 


alcohol on addition of water at 20°C. 
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methyl alcohol were added to solutions of TlOAc in iso-propyl 
alcohol, indicating that the absorbing species present in methyl 
alcohol solutions is different from that existing in iso-propyl 
eiconoly ) Uie results are shown in Fig. 7. <All of this is strong 
evidence that the absorbing species existing in water, methyl 
arconOlm and cibylealeoholgare olithe same type, i.e. , solvated 

free Tl” ion, while those found in iso-propyl alcohol and iso-propyl 
alcohol-rich systems are ion-pairs. In addition, the absorption 
bands in the 238-243 my region observed from other alcohols 

(e.g. tert. -butyl alcohol, iso-pentyl alcohol and cyclohexyl alcohol 
etc jrabe assumed to be dueetouo0n-pairs. In Cz and higher 
alcohols, however, the structure of the solvent appears to play a 
great role on the shift of the absorption bands due to ion-pairs; for 
example, in primary alcohols the bands were found in the 

ZOOL I9 my region whereas secondary or tertiary alcohols shift the 
bands to longer wavelengths(e.g. 241-243 mic). These observations 
are consistent with the concept that the hydroxyl (OH) group in 
secondary and tertiary alcohols is hindered sterically by the alkyl 
(R-) groups. 

Thallium (I) acetate behaves anomalously in p-dioxane and 
acetonitrile: in both solvents it shows two absorption bands at 
similar wavelengths (see Table V), in spite of the much lower 
dielectric constant of p-dioxane compared to acetonitrile. 

In p-dioxane only contact ion-pairs might be expected because 


the solvent possesses a very low dielectric constant and appears to 


on Iyqoaq-os! ni oA CIT io swultvloe of ne arse Torlcoke Oem 


- fyshere AP Inveseq esiouye grec toeds wa? fait. gnbtaothad : 02 
- ; iyudeotq- 723i af yiritei ss sarlt "ics. insets lie =i rootriog ; 
; = 


: gost et wild io 1); \ (gf 18 nvote ot atiuaoe oT 


iydiairs . eRe ni weit tate EsEDSGE peidiweds ait Apa? 


hetcvion . 2.1 , pay ecdise acto ors togote Dye Bere 


oe > i 
Tyqoaq-cet Hoe locos iygoty-oer hi talht Yeo? oftiw , oon {T 


noligtoeds sit ,noltibbe ol «+ CEiCy > Meee japrroteye soft 


: efoifosls aetifo mos! boavised) corpses ao ELS 265 oft wb aba 
= 

) 

weiyid bas pl al setiag- Mm toteonb sd of bore ek ots (Oe 


XS 


mo ° 


fetidols tyreaaioys bee lodools agroqeoes lotesis letud—, 2 ae 


a ysiq ot eteqqs Joavior ad? le svuyensiz anf ,4eveword » 


0) yetkey-noi of sch abapd coliqvoats Sirto tide MD ao ake 
x 


gery sti bap! heey © fice 6e% storiosls Yamenitg ai , 


{<i} 


a 
af Stide. futogis yroiiis 240 Yiébas Ie epenrat aginst an PES-BES 


; . ie? ; 
enotinvreaté seodT lite ERSOTES .2, spedtonatayew isohol ot see 
; > : eer 

’ 


af geo vo (HO) 2 peovub ye oft jesit tgoDcos off dihw deeteleson 


= 


Pyiis oi) il yileoitste betabnis © 2iofowds ysshretdbas ys 


_ hte GOR F0Ib-q ni Ylanolamois coveded oieioce (1) MullisAT a 

és abnkd ndiigcoeds owt ewode tf sinosiog died di + 
7 gerbe roam Set So 49iqe rd, (Vesidn'f steven 
: ‘ geliediaotios of bainginos smaodls oil Ws 
J r seunsed betoeqee sd spin esikg- noid: rack " 
Oi nami Mis SPs ned oi mantaib wor ym ait 


7 _ 


30 


ABSORBANCE 


200 we 720 240 20. 280 °° + 300 
WAVELENGTH (my) 
Figure 7. Absorption spectrum of thallium (J) acetate in iso-propyl 
alcohol on addition of methyl alcohol at 20mGr 
If Seibel lence ela hes 1073 M; Lemairnace lv 
Pure iso-propyl alcohol 

------- 16.6% (v/v) methyl alcohol added 

SOB OG CE IG .3% (v/v) methyl alcohol added 

— sss 41.1% (v/v) methyl! alcohol added 


—--—-- — 50.0% (v/v) methyl alcohol added 


oH 
be a poor solvating agent for cations. Hogen-Esch and anal" 
reported that only contact ion-pairs of fluorenyl salts of alkali 
metals were found in the solvent. Thus, the observation of two 
absorption bands in the spectrum of TlOAc in p-dioxane is sur- 
prising. The most probable explanation for this anomaly is that 
the strong positive field of the T1* ion may displace the chair-boat 
equilibrium for dioxane from its thermodynamically stable chair 
form to the boat rcestscanveecnreectem giving rise to bidentate coordin- 
ation and a stable solvation of Tl? ion. Although the chair form of 
p-dioxane has a small molecular dipole moment, the C-O bonds are 
poOtatcweand it is this fact whichrenables the solvent to retain contact 
ion-pairs in solution. The band due to contact ion-pairs was Pina 
alezoo mp. The two absorbing species, e.g. solvated contact 


ion-pair and solvated free T1* ion are presumably in equilibrium 


with each other in the solution as shown by 


(RikeONe die se clay EO Ace 


solv solv 


solvated contact solvated free ions 
ion-pair 


A strong dependence of the absorption spectra upon water 
concentration was observed for TlOAc but not fc T1C1O, in 
p-dioxane/water mixtures, suggesting that an equilibrium was 
occurring between free and associated species in TlOAc solutions. 
The changes in absorption maxima with solvent composition for 


T1OAc and T1C10, in p-dioxane/water mixtures are given in Table 


4 & 


VI. <A dramatic change was observed for TlOAc in the mixtures, 


for Example, only 5% of water (see 95% dioxane solution) was 


a2 


required to shift the low energy band due to contact ion-pairs at 
258 me to 245 my; when about 50% water was added, all of the 
ion-pairs appeared to be converted to solvated free Tl” ion since 


only a single absorption band was observed at 216 me . 


TABLE VI 


Absorption maxima of TlIOAc and TICclo, in p-dioxane/water mixtures 


| 
T1C1O, 


rf Interpolated value at are obtained from the data given in 
reference 69, 

In comparison with TlOAc, no ion-pairs were observed from 
the solutions of T1ClO4 in pure p-dioxane and in p-dioxane/water 
mixtures. The absorbing species responsible for the bands in the 
tegionabetween 213i toi2c20 my is the solvated free Tlt ion. The 
SiecisOtesOlvent se no bulk dielectticiconstant ,aon thetabsorption 
maximum of TIC1O, is shown in column 4 of Table VI. 
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Hogen-Esch and Smid and Chan and sean reported that 


insethereal solvents, all fluorenyl salts of alkali ions are present 
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as ion~pairs. On this basis, the absorption bands of TlOAc 
observed at 252 and 244 er from the solutions of 1 ,2-dimethoxy 
ethane and bis-(2-methoxyethyl) ether , respectively, are apace 
to ion-pairs. 

In acetonitrile as solvent, the absorption band due to solvated 
free Tl* ion was observed at 218 mA and that due to ion-pairs 
observed at 255 aye . Although acetonitrile has a reasonably high 
dielectric constant and high dipole moment, as a Lewis base it 
stabilizes cations moderately well, but does not solvate anions to 
anvyeappreciable! extent. The attraction, presumably partly co- 
valent, between the solvated free Tl? and OAc” ions may approach 
or exceed the thermal energy, of the ions, leading to\association | 
of the two ions to form an ion-pair or a complex. 

Addition of tetramethylammonium acetate to a solution of 
thallium (I) perchlorate in acetonitrile resulted in a AieROE SE of the 
intensity of the solvated free ile bandgat 212 ey and the simul- 
taneous production of a new band identical with the low energy band 
Ci LlOAesinmacetonitrilerate255 mf. enesintensitysor-therc 55 a 
band increased with increasing quantities of added acetate ion. 
ihe hignsencroy band appeared to shift trom ec! 2 to 218 sa upon the 
addition of acetate ion, presumably due to the strong absorption of 
the acetate ion at the tail of the band on the high energy side. It 
is obvious that the band observed at 255 nay is due to T1OAc ion- 
pairs. The similarity between the absorption spectrum of TlOAc 
in acetonitrile and that of T1C1O,4 with added acetate ion in the same 


| 


solvent can be seen from the curves shown in Fig. 8. 
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Figure 8. Absorption spectra of T1C1O,, T1ClO, with added 
acctaterion, and LIOAc invacetonitrile at Da er Ie CiieCeLLe 


Curve I - TIC1O4 (3.42 x 107* M) 
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Curve II T1Cl0,4 (3.42 x 107 i M 


M) + Me 


Curve III - T1OAc (1.90 x 1074 M) 


Curve IV - T1IC1O4 (3.42 x 1074 M) + Me,NOAc (She Shaws wre M) 
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The effect of added polar solvents, e.g. water and methyl 
alcohol on the absorption spectrum of TlOAc in acetonitrile was 
examined ie Again ;:thesband change phenomenon was observed, as 
in the addition of the two solvents to solutions of TlOAc in iso-propyl 
alcohol; i.e., the low energy band shifted to shorter wavelength 
with a decrease in intensity and simultaneously the intensity of the 
high energy band increased with increasing amounts of the two 
solvating agents. It was found that a smaller quantity of water than 
of methyl alcohol was required to convert the band due to ion-pairs 
of T1OAc in acetonitrile to the band due to solvated free T1~ ion. 

At this point, it is possible to conclude that the absorbing 
Spoolesse- Stingmnecolventsuci classi(ijs(eag = dielectric constant 
less than about 20) consist of two distinct types classified accord- 
ing to the location of the absorption bands; viz. solvent-shared or 
solvent-separated ion-pairs (238-244 mit) and contact ion-pairs 
(252-264 sarah, In addition, it appears that the solvating properties 
Othe solvent rather than its diclectric constantyare of prime 


importance. 


Determination of Association constant of Thallium (I) Acetate 
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Quantitative treatment of absorption spectra and data 
Jon association in a solution of Tl1O0Ac may be expressed by 
the following equilibrium: 
pl ee OACmiesee ee T1TOAc. 
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It is assumed that the ion-pair and free T1* ion have 
characteristic molar absorptivities at their wavelength maxima, 
and that the equilibrium between these species conform to the law 
of mass action. At a given concentration the 'thermodynamic 
aesOC ation colsctant = 


fc. + = 
Core” 3 Raye 


Ka z : ay 
RIE OA cil ein seat ute 
ences 
or Pia uinesibr een a was’. 
Hake cin esrty at 
f WPH en ken 
fact re [T1*Jloac] 


where the bracket represents concentration in moles/liter, 


fit Syne = actitity coefficient of the ion-pair (assumed 
tO De tinity), 

aire eebetek ee _ = activity coefficients of free Tl’ and OAc” 

ae OAc 


10s, respectively. 


Since at low concentrations the activity coefiicients approach 
unity and in solutions of constant ionic strength are approximately 
constant, it is possible to write a 'concentration association constant' 


K*, , as given by equation (2) 


A 
Ta eonce 
een = = - (2) 
Pela once 
where ie is dependent upon total ionic strength. Then 
feet 2 
K fae K Tl OAc (3) 
A A 
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Wie OAc 
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Since miric es. frit] teeonn Ennrey- woud) 
mde Onc We (OAc | ee OAc) 
therefore 
a Eereye 4 
= = Pe a es Sisk 4) 
A ws = = at - ( 
il = kt : 
([r ae Ne ie Te OAc i) (LoAc eae eit OAc ‘) 


The association constant for the TlOAc ion-pair summarized 
in Table VII was obtained from the expression shown in equation (4). 
mpsorbance values were measured at 255 ase and a plot of absorb- 
ance against acetate concentration was made. A typical plot 
Gptaineusrom trial leoivl able Vil isishown in Pio. 9. The plot 
shows a straight-line relationship up to 1:1 mole ratio of Tl? to 
OAc ions. The Stralgttelineretarts to=cunrve alter a mole ratio 
of about 1:1 is reached owing to dissociation of the ion-pair, and 
indicating that the absorbing species observed at 255 mt is a 
Coutacteion-pait or a l:) coniplex..” Lhemmoler absonptivity of the 
ion-pair was obtained from the slope of the straight line. The 
slope value was measured at large [aries | to [OAc™ | ratios and 
the concentration of the ion-pair at small ratios. 

iWerasgorovion spectrarol [he lOAc ion pair were recorded 
at varying ratios of cristo [OAc™ | , and are shown in Fig. 10. 


Results of the association constant determinations for the ion-pair 
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vn for trials 1 


are listed in Table VII. Overall average of log K 


tieougies mse5. 1 <2 0%2. 


7 . a 
7 : " 7 
i. wort) 5a L 


Fone a ed, : 


a «le es Ts aot ry) 
Dh eS oc 
: a Coscttr] - | ‘one AO) saonrt — 
| - ) | pemiceemicense they not shOLT sd} 10) Jestahos aoclinivoeas OAT 
' >) aotlavpe ai nwaote ooress tg ice ‘ails get? bentuide esw. DV oldsT t 
-dwoade to tolg = bas agin éCf in botnenacs view eaplevy soma | “ 
tol fabiqn? A . Shes eaw eolurvindonos sicleot Jenings Som i 
Joly oT 86. .pi TD Al Avore 21 LV ofcteT to | [atet mow? bogie o - 
ot TIT I -olfar vioin 1-1 vt ow giffenotinioy pail-tdpietie « awed 7 
Silas HO « TENS ovens Of wings dati tipi tte ofT moot “oA” 
; a bik , fiee-nok off i motaisoceth GT -palwe Geisaet/ if swat ° 
fel Ar 605 ae hoviweds voisuce gnidvords olf dad? gabiedi 


sitio yiviiqzoeds tslomad .relucroo Il & to ting aod 5 
aiT anthl Ihyic ste evzia 16 sole odt o1o3) bintetdo esw 
bra edticr [~oAG)} ot | tT! ag75] 46 botue,onm cow enley 
-#Ofin« Uertin te viag-api Sit lo colts sicesaes Be 

babroae7 pi9w. ting-no! AGT edy wm Std2uqe notiquoeds odT | 
OL .g?¥ ot ewes one baw, ~2A0) of Ltr) jo tote 3 a 
hen -ded eiY wah sudokinrateh socregoSoMiiDoweR well Yo. 
i aleiva ro) aati i anti BY side at * 


ft dees % 


Se 


38 


LAr Lev ih 
Data for Determination of Association Constant of Thallium (I) Acetate 


Ion-Pair in Acetonitrile at 25°C 
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TRTA a2 


Tides gia 3hs4enloe M 
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TABLE Vil = Gontinued 


TRIAL 3 
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Molar absorptivity = 3,000 
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ACETATE CONCENTRATION (Mx104) 


Figure 9. Typical association constant determination plot 


(acetate added to thallium (I) ion). 
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Figure 10. Absorption spectrum of the TlOAc ion-pair in 
acetonitrile at AS Op ratio of [T1+ ]to [oAc™ ] =" 3590 ceo se 
dee Oro AU Okee. 20. OU Le SoOL al -OctOrscunye cilEtOnRV ile 


eye Je 3.42 x 10° M; 1 cm cell, 
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The effect of added salts on the absorption spectrum of 


thallium (I) acetate in acetonitrile 


When small amounts of alkali metal perchlorates, e.g. NaClo, 
and LiClO, , were added to a dilute solution of TlOAc in acetonitrile 
Veena] 10-4 M) the low energy band at 255 eyes appeared to shift 

to higher energies with increasing salt concentration. The intensity 
of this band decreased whereas that of the high energy band 

increased with increasing amounts of the added salts. The absorption 
spectra shown in Fig. 11 illustrate the effect of added sodium 
perchlorate, No similar effect was observed when tetraalkyl- 
AiMoiomiumiepenchlorates , 6.0 Et,NClO, and (n-Bu),NC1O, were 
eddedu(Wio. IZ) eel hese effects may beinterpretediin terms tof 
1On-pair formation, i.e. , cations of added Salts form more stable 
acetate 1on-pairs than LlOAc ion-pam eg Forlexample, Ui + and Na® 
ions having smaller sizes than T1* ion, will compete successfully 

in forming new acetate ion-pairs, whereas those larger cations 

(e.g. tetraalkylammonium ions) will not be able to do so, owing to 


their bulky shapes. These processes may be shown by the following 


equilibria: 
-- - ae | = fr ae = + - 
(Tl OAc ) + M™~ +Cl10, ele ClOjme + (i sOAc®) 
(TI@ OAS) + INE. te © irae Seema CLI COU +(R,N * OAc’) 


where M toe alkali metal ion 


and R,N + = tetraalkylammonium ion, 
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The effect of temperature on the absorption spectrum of 


thallium (I) acetate in various solvent systems 


The absorption spectra of TlOAc in water, ethyl alcohol, 
iso-propyl alcohol, 10% (v/v) water/iso-propyl alcohol, and 
acetonitrile were run at 60°C and compared with those recorded 
at 20°C. It was found that the absorption band due to solvated 
free T1t ion (e.g. in water and ethyl alcohol) was temperature 
independent while those due to ion-pairs (e.g. in iso-propyl alcohol 
and acetonitrile) were sensitive to the change in temperature. The 
ion-pair bands appeared to shift to longer wavelengths (bathochromic 
shift) with increase in temperature. For example, the low energy 
band observed at 255 my fromthe solution of 1lOAc in acetonitrile 
shifted to 260 m when the temperature was increased from 20° to 
60°C. This is shown in Tete ol Se At ae oe thers olutionsom L1OCAc 
in 10% dha Cony erate alcohol mixture showed two distinct 
bands due to solvated free T1* ion and its ion-pairs at 218 my and 
230 m/e, respectively. On heating the solution to 60°C, the low 
eneroy band shiitted trom 2500 255 m/e, while the band at 218 an 
appeared to be insensitive to the temperature change (Fig. 14). 

In any case, the absorbance values decreased slightly with increas- 
ing temperature, presumably because solvent expansion more than 
compensated for cell expansion. 

The cause of the band shift may be explained as a perturbation 
of the atomic energy levels of T1* ion within the ion-pair by the 


changes in ion-pair solvation and interionic distances between Tl* 
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Figure 14. Absorption spectra of thallium (I) acetate in 10% (v/v) 


water/iso-propyl alcohol at 20min — ) and at GO mu Het 
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and OAc” ions upon the temperature, chanve, "ihis possible to 
assume that, as temperature increased, the magnitude of ion-pair 
solvation would be less than that at lower temperature, giving rise 
tora Increase inthe interionic.aistance., Hence “increase insinter— 
Tonic distance dectabilizes the ground state more than the excited 
state, leading itosthe observed beathochromic shift (i.e. the s-p 
separation decreases with increasing temperature). Temperature 
changes, however, do not noticeably affect the electronic absorption 
spectrum of solvated free Tl* ion presumably because the magnitude 
of the destabilization energies of the ground and excited states are 
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SUMMARY 


The experimental results of this study can be summarized as 
follows: 

(i) The existence of TlOAc ion-pairs in acetonitrile, p-dioxane, 
secondary and tertiary alcohols, 1,2-dimethoxy ethane, Bis-(2- 
methoxyethyl) ether, dichloromethane, and some binary aqueous 
solvent mixtures (e.g. 95% p-dioxane and 90% iso-propyl alcohol 
ete.) Nae Deer contirmed specitroscopically, “Ene absorption bands 
due to ion-pairs observed in the 238-264 mp» region are distinguish- 
able from that due to solvated free Tl* ion observed in the region of 
212-220 Bee 

(8) he -ton-paim ot LlOAc existing in acetonitrile has been 
POUMCECOR) CeAgCOnLactmMon-Oalteorel l= COimplex.6 Deroverall average 
logarithm of association constant of the ion-pair was determined 
and was found to be 5.7 + 0.2 at 25°C and an ionic strength of 0.01. 

(iii) The location of absorption bands of TlOAc ion~pairs has 
been found to be sensitive to environmental changes, e.g. changes in 
solvent, concentration of added alkali perchlorates , and temperature. 


These results have been interpreted in terms of ion-pair solvation 


and interionic distances. 
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Chapter 3 


The Polarographic Behavior of Some Thallium (J) Salts in 


Acetonitrile 


BACKGROUND 


Polarographic analysis, invented in 1920 by Jaroslav Heyrovsky, 
has been used as a practical tool for many problems in inorganic 
and electroanalytical chemistry. Polarography involves the 
electrolysis of a solution of electro-reducible or electro-oxidizable 
substances with a dropping mercury electrode (d.m.e.) or other 
microelectrodes, es AtLentionghas been directedralmost entirely to 
themnuten pretation oOo» the current potentialcurves (polarograms). 
The most important characteristic of the polarogram is that the 
current does not increase indefinitely with increasing applied 
electromotive force (€:m.f.) after the decomposition potential is 
exceeded , but reaches a more or less constant limiting vattae™ 
Under optimum conditions, the diffusion current is directly propor - 
tional to the concentration of the electroactive substance in the bulk 
of the solution. 

By making several assumptions and applying Fick's Laws of 
diffusion, Ilkovic /* derived the following equation for the diffusion 
CUPTEIIL. 

ig? 0.627n F DE © m2/3 4! (5) 
where ig is Pheri usSiONeCUrrenlpileaAtaperes; (hy, the number of 


faradays per mole of electroactive species; F, the faraday (96,487 
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coulombs); D, the diffusion coefficient of the reducible substance 
in cm“/sec.; C, the concentration of diffusion species in moles/ml; 
ny the rate of flow of mercury in e/sec.; ts the Gropstime-in 
seconds. MacGillavry and Rideal!? have discussed the derivation 
or thts equation. From equation (5), if-alljcommon factors ‘such as 
temperature, pressure and concentration of supporting electrolyte 
are constant, the diffusion current of a given electroactive sub- 
stance should be directly proportional to its concentration, that is 
int att (6) 
ihe proportionality constant onithe iDigreion curment constant! /*, 
Peeicecependentupom theveharacteristics of the microclectrodey 
Pies properties oO. the substance undergoing imeacwioneat thereléctrode 
and the nature of the solution. 


The most useful form of the Ilkovic equation is expressed as 


follows: 


1/2 oom el3 pi 16 (7) 


1 ;r/6 


607 neD 


" 


1g 
or 19/'Ge-e O07sDeD 


pil2 ace © (8) 


and therefore K = 607n 

where ig is expressed in microamperes, C in millimoles per liter, 
: z é ; 

Duneem «/sec.semrinine/ sees), “anditvin seconds’. 


fC ei a Ce given temperature and 


It has been shown 
pressure the rate of flow of mercury, m, is practically constant 
and independent of the potential of the dropping mercury electrode. 


On the other hand, the drop time, t, depends on the medium in which 


the drops form and is directly proportional to the interfacial tension 
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which in turn depends on the potential of the dropping electrode /! : 
ihe product m2/3 i 16, therefore, changes with the potential of the 
dropping electrode. The diffusion coefficient, D, is affected by 
the viscosity of the medium, and for this reason D is somewhat 
dependent upon the nature of solvent. Lingane ‘4 and Ikovic!? 
observed that the diffusion coefficient of a reducible ion increases 
with increasing temperature. For this reason, all data reported 
must include the temperature used; measurements are usually 
Cabuicu oul inverconstant temperature bath, 6.9. in a water 
thermostat. Changes in the molecular or ionic state of the electro- 
active substance also lead to changes in the diffusion coefficient , 
e.g. a metal ion complex usually yields a considerably different 
diffusion current, ig , than the solvated metalion. The diffusion 
Currents Gepengent On a number ol tactors such as the effective 
diffusion coefficient, viscosity,ionic strength, and complex formation. 
Acetonitrile is an interesting solvent, now widely used as a 
non-aqueous medium for analytical applications and for solvation 
studies. Polarographic measurements in acetonitrile were first 
reported by Wawzonek and mumen AceLomitmilemsran aprouc 
solvent which behaves as a weaker base and a much weaker acid 
than water. As a result of the weak base properties of aceto- 
nitrile, solvolytic reactions generally are less extensive in this 
solvent than water. Solubilities of inorganic salts such as per- 


chlorates andtetrafluoroborates are much higher in acetonitrile 


than those of acetates, chlorides, bromides, iodides, thiocyanates 


ce 


ib: 38 jai ; 
. oh ay ; et ah, = 1 or rT 
t sf pont 
; neooeby of 
' | inehaysq@s® 
a 30k Adew 
lel ext Jeger 
vo beietes 
ioorreedt 
lee evitas 
‘wk & . 92 
voheuyieb 
it a? och eae ere . regal ab TpetteD 
(Meo wokee es 
i 
ies A 
f pale 
' 2 j t 
4 99.8 Fi poe so8 
” “ \ settiscutlee ~O1/a tne AD 
dS *sPenes! oh. Thcigect A: Ts i.sacetcuilies ie ben 
rsa any in S40p ber , Bsittivrd: 2 K nilidw, epietege la 


=o a ie aa ne _ 7 


54 


and nitrates. White sulphate salts are usually insoluble in aceto- 
nitrile. In general only salts of large or polarizable univalent 
anions (e.g. C10,” and BF, ) have reasonable Joeman. | 
Thallium (I) perchlorate and tetrafluoroborate are fairly soluble in 
acetonitrile in comparison with the other thallium (I) salts, 

As a polar Lewis base, acetonitrile solvates inorganic cations 
moderately well, although solubilities of ionic salts are not always 
large because it does not solvate anions to any appreciable extent. 
Since acetonitrile is a much weaker base than water, cations have 
lower solvation energies in it than in water except for those cations 
such as oan and Cu™ which have specific interactions with aceto- 
nitrile /?, Consequently , the half-wave potentials, Ey /2 MOL 
reducible cations (excluding Ag and Cu* ions etc.) are generally 
less negative in acetonitrile than in water°*, For reels ; Ei /2 
for Tl* ion has been reported to be -0.27 v. (vs S.C.E.) in aceto- 
nitrile as compared to -0.46 v. (vs S.C.E.) in ete Some 
physical properties of acetonitrile are shown in Table VIII. 

Polarographic studies of electroreducible cations of the alkali, 
alkaline-earth, transition and post-transition metals have been made 


6495 ,50 


: oer. 78 . 
iMvaceLronitrile @ocetzce also reported comprehensive 


polarographic measurements of a number of metal cations in aceto- 


nitrile, Popov and Geske oe 


studied the polarographic behavior of 
anumper of metallic) perchlorates in acetonitrile using Ag/AgCl as 
a reference electrode. The half wave potential of thallium per- 

Chlorate meacetonitrile has been reported to be -0.27 v. vs S. e) in) 22 


and -0.55 v. vs Ag/AgNO3 0.01 M in acetonitrile?®, Takahashi’? 
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Physical properties of acetonitrile* 


Dipole moment (Debye) 3 
Dielectric constant (25°C) NS) 
Freezing point (°C) -45, 
Boiling point (°C) 81. 
Viscosity (Cp at 250) 0 
Density (gm/cc at 25°C) 0 
Vapor pressure (mm of Hg at 25°C) Bo. 


Spectral cut-off wavelength 


Te ecCin.ecquartcz cell (m ) 189 


- Data obtained from reference 63, 
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determined the half-wave potential of T1* ion in water /acetonitrile 
mixtures with reference to the standard value in water. Changes 
in the half-wave potential, diffusion current and diffusion Eee tiient 
of T1* ion with increasing alcohol content in water/alcohol mixtures 
were observed by Lal and Srivastava’. 

The purposes or this study are: 

(i) to verily the existence of an iton-pair or 1:1 complex of 
T1lOAc in acetonitrile, assuming that the half-wave potential of the 
ion-pair differs from that of solvated free Tl” ion, 

(11) to study the Secon covert interactions in aqueous/aceto- 
nitrile mixtures in order to examine the preferential solvation of les 
jon by water molecules’, 

(ito Observe the etilect o: different supporting electrolytes 


of varying concentrations on the half-wave potential of T1* ion in 


acetonitrile. 
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EXPERIMENTAL 


Reagents and Apparatus 


Matheson Coleman and Bell technical grade acetonitrile was 
purified by the method of O'Donnell, Ayres and Mann 8° as modified 
by Yeager and Kratochvil?’, ins thas smretniocd abouts. Liters, of 
technical grade acetonitrile were distilled rapidly from 30 ml of 
benzoyl chloride, The distillate was mixed with 30 g. of anhydrous 
sodium carbonate and again distilled at the same rate while stirring. 
The distillate was redistilled at the same rate from 35 g. of pot- 
assium permanganate and 35 g. of sodium carbonate. This distil- 
late was warmed, acidified with several drops of concentrated 
sulphuric acid to neutralize ammonia formed in the previous step, 
vacuum distilled rapidly, then distilled again at a high reflux ratio 
ogee Uso late COlunin oral U-vjlain) peinoOuL wa Lie first liter and the 
PastcOUMmaL were discarded. Jherresulting- acetonitrilesshnowed 
zero absorbance down to 225 eae inva lcm quartz ucell and an 


absorbance of about 0.1 at 200 me. The water content as deter- 


-4 
mined by Karl Fischer titration was about5x1l10 M. 


Supporting electrolytes 


Sodium perchlorate, NaClO,, tetraethylammonium perchlorate, 


4 ? 
Et4NClO4,, and tetra-n-butylammonium percoloratre, (n-Bu),NC1O, ; 
were used as supporting electrolytes in this experiment. G. F. 


Smith and Co. anhydrous sodium perchlorate was dried in a vacuum 


oven at 100° and used without further treatment. Tetraethyl- 
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ammonium perchlorate and tetra-n-butylammonium perchlorate 
from Eastman Organic Chemicals were recrystallized from 


deionized water and dried at 70° in a vacuum oven for 48 hours. 


iiballionme (1) ssalts 


Varlacoid Chemical Co. thallium (I) perchlorate, Tico, , 
was recrystallized from deionized water and dried in vacuo at 100°, 
Mhalliom, (l)sacetate wT1OAc. ultra-pure grade obtained from Alfa 
Inorganics Inc. was used after drying at Sih for 2 hours and 110° 
for 3 hours in avacuum oven. Thallium (I) tetrafluoroborate, 
TIBF,, was prepared by the method of Yeager and Kratochvil?? 


as described in chapter 2., All of the salts were kept in a desicerator 


over phosphorous pentoxide. 


Preparation of solutions 


Solutions of thallium (I) perchlorate and Perea oronorate in 
acetonitrile were prepared by weighing and dilution methods. The 
concentrations of the salts varied from about 0.2 to 4.0 millimolar. 

A saturated solution of thallium (I) acetate in acetonitrile was 
prepared by stirring a mixture of excess solid FlOAc and aceto- 
nitrile in a flat bottom flask within a dry box for about 48 hours. 
Then excess undissolved salt was filtered off and the saturated 
solution was kept in the dry box. The concentration of thallium in 
the saturated solution was determined by measuring the diffusion 
current and comparing with a series of standard thallium (I) per- 


-~4 
chlorate in acetonitrile solutions. Itewasetound to berabout ¢ 210 ©M. 
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Solutions of thallium (I) perchlorate in a series of aceto- 
nitrile/water mixtures were obtained by the addition of deionized 
water from a buret to a given known amount of a stock solution of 
thallium (I) perchlorate in acetonitrile. More acetonitrile was 
then added until the required percentage by volume (% v/v) of 


acetonitrile was reached. 


The polarographic cell 

All polarograms were run under nitrogen in the Teflon 
stoppered weighing bottle shown in Fig. 15. A three electrode 
system was used to compensate for a fairly high specific resistance 
of solutions of supporting electrolyte in acetonitrile. A Ag/0.01% M 
AgNOz in acetonitrile reference electrode was used throughout this 
StiGy meiueia Ss aspOtentialloi10.29 Vv. Vero. GC. ee ihe coupleds 
reversible, and its potential is relatively unaffected by those impurities 
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commonly found in acetonitrile The eelenence electrodewwas 
isolated from the solution by using the following assembly: a glass 
tube ('A' in Fig. 15) containing 0.01M AgNO, in acetonitrile and having 
a frit of ultra-fine porosity dipped into a slightly wider glass tube 'B' 
which was also fitted with an ultra-fine frit. Tube ‘pi contained just 
sufficient acetonitrile solution of 0.1 M of the supporting electrolyte to 
make electrolytic contact with the 0.01 M AgNOz in acetonitrile solution. 
Nitrogen was saturated with purified acetonitrile at room temperature 


before being passed through the polarographic cell. High purity 


grade Linde nitrogen was used without further treatment. 
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Recording of Current-Potential curves 


Polarograms were obtained with a Metrohm Polarocord E-261 
equipped with a Metrohm IR compensator, All potential values 
were corrected for both recorder lag and ohmic drop. 

All measurements were made at 254£0.1°C by means of a 


water circulating constant temperature bath. 
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Platinum Electrode 
(counter electrode) 


Nitrogen Outlet 


——Silver Wire 
(reference electrode) 


Dropping Mercury 
Electrode (d.m.e.) 
gen § 40/12 


Stopper 


J 
L Yj E 
WIZ 
SILA: 


001M AgNO; 


: ml Frit 


HH 01M NaClo, 
or EtgNClO, 


——Nitrogen Bubbler 
gisisneapedsendin : 


Ultra-fine Frit 


Piguvesio,  bolarographic cell. 
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RESULTS AND DISCUSSION 


The dropping mercury electrode had the following character- 


istics in a solution of 0.1 M EtysNClO4 in acetonitrile: 


ee ae mp me/ sec. tsec, rave pi /6 
0.00 leet) 3.40 Leo27 
0755 ee eyae oye) 1.843 


height of mercury column = 40.0 cm (uncorrected) 

As mentioned previously the polarographic diffusion current 
(ig) is proportional to the concentration of electroactive substance. 
A typical set of data illustrating this for thallium (1) perchlorate is 


shown in Lable IX. 


TAB 1 BAX 


Diffusion currents of thallium (1) perchlorate at various concentrations 


in 0.1 M sodium perchlorate 


ae b 
Concentration, G Observed diffusion current® K = qi G 


x 10° M EA jeAlmoles/lite 


1.40 5.6 
4,20 Omad 
One Do 
1an4 ts) 
aide 0 Dine 


Average K = 5.7 


4Measured at Eg. m.e. 7 -0.544 v. 
bx = Diffusion current constant. 
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A plot of the diffusion current against the concentration of 
thallium (I) perchlorate showed a linear relation over a concentration 
range from 0.25 to 3.8 x 10-3 M. | 

In acetonitrile as solvent, the reduction of thallium (I) per- 
chlorate, tetrafluoroborate and acetate showed well-defined waves 
in all of the three supporting electrolytes used in this study. No 
maximum suppressor was used throughout this experiment. Typical 
polarograms of T1C1O, in0.1 M NaClO,, TlOAc in 0.1 M NacClo, 
and i@Ac in 0; lM EtzNClO, are presented in bigs. 16 and 17, 
respectively. | 

The half-wave potential of thallium from T1C1lO 


4in0.1M 


NaClO, was found to be -0.544 v., which is in agreement with the 
Velle=-U.05 Vv. reported by Popov and Gere ae Using the Ilkovic 
equation shown in equation (7) of this chapter , the diffusion coefficient 


2 cm~2/ 


(D) of T1* ion was calculated; it was found to be 7. 18 soul Om 
sec. The observed half-wave potentials of Ti’ ion for the three 
thallium (I) salts in supporting electrolytes of different nature and 
concentration is presented in Table X. 
The results summarized in Table X can be explained as 

follows: 

1. The half-wave potentials of Tl om inom T1C1O, and TIBF, 
are less negative in tetra-n-butylammonium perchlorate and tetra- 
ethylammonium perchlorate solutions than in sodium perchlorate. 


It would seem that there are some specific interactions between 


some supporting electrolytes and acetonitrile. Frank and 


64 


5.0 
°. 
= 40 
e) 
1 Z 
I~ 30 
rue 
LL 
‘aa 
a2 2.0 
=) 
a) 
1.0 
0.0 is ae Loe eel 
3 O30 -0.40 -0.50 -0,60 -0,70 -080 
Eames VOLTS vs Ag/AgNO, 001M 
Figure 16. Typical polarogram of 6 x 10 *s M thallium (1) 


perchlorate in OF 19M NaClo, in acetonitrile at Doe Ce 


OND 34 THIAAUD 


4 ta} ty 
Cc c cS 


eames ieee -_ ee ee a 


| 
: 
! 


te 
; 
: 


01 espgid 


vis 70l0d219q 


CURRENT, p amp. 


65 


6.0 6 
5.0 
AAA AM AMAMAVUA 
40 a a 
AMARAMAAAAAWAM 
i] 
3.0 
sis i Eyp(TIOAC") 
! 
1 
1.0 | 
| 
00 : ) — 
S050) -0.40 2050) -0.60 S070 -0.80 =090 
Fame VOLTS vs Ag/AgNO3 0.01M 
Figure 17. Typical polarograms Olea Cae M thallium ()) "acetate 
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Half-wave potentials of thallium (I) salts in acetonitrile 


Salt Supporting Electrolyte 
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T1C10,° NaClo 


Et,NClo, 


(n-Bu)4NC1O, 


a 
ABI yy NaClo, 
EtsNClO, 
(n-Bu),NC1O, 
b 
HOAc NaClo4, 100 Or 
Et,NC1O4 100 On 
(n-Bu),NCIO, 100 OQ 
a 


One millimolar solution. 


-4 
2 Saturated solution (ca. (x 10° My)" 
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aan reported that tetraalkylammonium ions have a strong 
'structure-making' (polymerizing) influence on water structure. 
Coetzee et al. ote studying the reduction potentials of metal ions in 
various solvents (including acetonitrile) , postulated that similar 
structure-making by the supporting electrolyte in these solvents 
will decrease the solvation energy of the electroactive species and 
cause a shift in the reduction potential to less negative values. 
This is in agreement with the results observed here. For example, 
Ej /2 of TIC1O, in 0.1M (n-Bu),NC1O,, Ety,NClO, and NaClO, was 
found to be -0.536, -0.540 and -0.544 v., respectively. This 
trend shows that the. effect of tetrabutylammonium ion is greater 
than that of tetraethylammonium or sodium ions (e.g. (n-Bu),N > 
Eo ANG 4). 

2. Inthe case! of thallium (1) acetate a reversed trend was 
Opservec1,c.. the half-wave potentialaissmone negative in 
Et,NC1O, and (n-Bu),NC1O 


4 


explanation of this anomaly is that solvated free Nat (from NaClo 


A than in NaClO,y. The most probable 


4 


in acetonitrile) being a smaller ion will successfully replace ape 
ion to form amore stable acetate ion-pair (i.e. , Na*OAc’), giving 
rise to solvated free Tl* ion. The bulky tetraalkylammonium ions, 
on the other hand, would not be able to compete suzcessfully with 
T1+ ion in fOrMmino such 1OnA~palts ea lhepetore, 1 lOAc willéxist 
largely as ion-pairs in solutions of Et,NC1O, and (n-Bu),NC1O, 
while in NaClO, solution the solvated free T1* ion will be found. 

As expected, the half-wave potential of the TlOAc ion-pair was 


found to be more negative than that of the solvated free T1™ ion 
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because it is generally more difficult to reduce a complex than a 
solvated free ion. The probable reduction reaction of TlOAc at 
fPeedein fis etl OAc ve 49 Ho Tihowe OAc. 

3. The half-wave potential of Tl* ion in a given supporting 
electrolyte with different concentrations varies with the concentration 
of the supporting electrolyte; e.g. the difference in half-wave 


potentiale Lye was found to be -0.015 v. for T1C10O, in 


1/2) 
Et4NClO, for supporting electrolyte concentrations of 0.10 and 0.03 
M. The dependence of the half-wave potential on the concentration 
of supporting electrolytes is shown by the following equation: 


OE = -0.03 log C,/C, (9) 


Lee, 

where C is the concentration of a given supporting electrolyte?>, 
ihisgr elation is valid in several solvents,inciuding acetonitrile, 
provided that the change in liquid junction potential is negligible and 
aligetect olytes are coimpletelwdissociated. » bhererore , when 
C5/C, 14 10/3. the calculated Ey /2 = -0.0lG*v. is in close 
agreement with the observed value of -0.015 v. for T1IC1O, in 0.10 
and 0.03 M Et,NC1O,. 

The reversibility of the reduction waves for T1ICIO, and TIBF, 
in 0.1 M NaClO, was tested by plotting values of log i/(ig - i) against 
the applied e.m.f.. The plot for T1C1lO, is shown in Fig, toe 


As predicted by equation (10), the points of the log plots for T1C1lO,4 


0.05 
Ai es sooo (10) 


iq -i 


1 = Ei/2 es 


and TIBF 4 form straight lines, whose slope values are both 0.062, 
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Figure 18. Test for reversibility of the thallium (I) - (0) couple 


in acetonitrile at 25°C. Solution composition was 6 x a 


M 


thallium (I) perchlorate in 0.1 M NaCloO,. 
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which is in close agreement with the theoretical value (within 
ex~pcnimentalerror), 0.059 Afonm =a]... Itis evident that the 
reduction of Tl1* ion from T1C1O, and TIBF’, solutions in aceto- 
nitrile proceeds reversibly at the dropping mercury electrode. 

The reduction waves of TlOAc in0.1M NaClO, andin0.1M 
Et,NC1O, were well-defined, though the slope values were some- 
what higher, 0.064 and 0.066, respectively. The reduction of 
TlOAc is probably reversible in these solutions. 

The effect of water on the reduction waves of TIC1O, and 
TlOAc was investigated. The changes in diffusion currents and 
half-wave potentials-of solutions containing constant concentrations 
of LiClO, in CH,CN/H,O mixtures are shown in Table XI. 

As shown in column 3 in Table XI, the slope values vary 
from UmO0oceta (7060: fromithisiit can besconcluded that the 
reduction waves of TIC1O. in acetonitrile and in acetonitrile/water 


4 


mixtures are reversible. Itis seen that the diffusion: current (i) 


decreases gradually with increasing amount of water in the solution. 
This can be attributed to the increasing viscosity of the solution or 
to changes in the nature of the diffusing species°*. As previously 


mentioned, water is a stronger base than acetonitrile, so it should 


compete successfully for Tl + jon in the following equilibrium: 


+ + 
T1(CH,CN) ° y H,O ————_ Tee) dey se CH3CN 
The results from this observation are summarized in Table XI. As 


shown in column 4, the reduction wave shifted to increasingly negative 
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TABLE XI 


Effect of water on diffusion currents and half-wave potentials of 
thallium (I) perchlorate in acetonitrile/water mixtures as solvent 


and 0.1 M sodium perchlorate as supporting electrolyte 


4 


[T1c10, | =5x107 


M 


Solution a Slope? 


100% (v/v) CH3CN 2.80 On0Ge 


80% (v/v) CH,CN 2.48 0.064 
60% (v/v) CH,CN 24.55 0.064 
40% (v/v) CH2CN 2.24 0.065 


20% (v/v) CH,CN Zibb 0.066 


* Diffusion currents measured at corresponding half-wave 
potentials (E) 7/2). 

b 5 iE : 
Slope of Bene. vs log i/{ig - i) plots. 

c 


These values include unknown liquid junction potentials. 
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potentials with increasing water concentration. These results 
strongly indicate that water molecules in the outer solvation layer 
successfully replace acetonitrile molecules bound to Tl* ions in 
the primary solvation sheath, giving rise to hydrated Tl” ions and 
free acetonitrile molecules, 

On the other hand, when water aie added successively to 


saturated solutions of TlOAc in acetonitrile (ca. 7x Wee 


M), the 
reduction wave also shifted to more negative potentials with 


increasing amount of water. The results are presented in Table XII. 
TABLE X11 


Effect of water on diffusion currents and half-wave potentials of 
thallium (I) acetate in acetonitrile as solvent and 0.1 M sodium 


perchlorate as supporting electrolyte 


% (v/v) water added igo pA® -Ev yo: volts 
2.70 (0.540 
4.20 0.550? 
PT) 0,835" 
4.95 0.580? 
2.25 DEC Be 


a 


Diffusion currents measured at corresponding half-wave potentials 


(Ey /2)- 


b These values include unknown liquid junction potentials. 
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As shown in Table XII, it is seen that the diffusion current 
increases with increasing amount of added water up to about 6%. 
This is in the opposite direction to that of TIC1O, in these solvent 
mixtures (compared with Table XI). The increases in the diffusion 
currents even in the mixtures of higher viscosities may be attributed 
to a larger degree of dissociation of TlOAc in water-rich than in 
acelonitriie-richwmixtures), Siving rise to more solvated free Alte 
ions which can be reduced at the d.m.e.. After about 20% water 
was added, the diffusion current dropped drastically to 2.25 ae, 
probably because of a combination of dilution effects and increasing 


ViscOSitvec. Lhucasolventisystem. 
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SUMMARY 


pe TIBE, and 


T1OAc have been made in acetonitrile at 25°C, using Ag/ AgNO, 


Ly, The polarographic measurements of T1IC1O 


0.01 M in acetonitrile as reference electrode, 

ai *The*existencetofithe ionrpair of thalliumy({1)*acetate! in 
acetonitrile has been confirmed. The half-wave potential of the 
TlOAc ion-pair or 1:1 complex has been found to be -0.64 v. 
compared with the value 0,54 v. of solvated free Tl* ion. 

o% The preferential solvation of T1? ion was studied in aceto- 
nitrile/water mixtures. It was found that the reduction waves of 
T1* ion from T1ClO,4 and TlOAc shifted to more negative potentials 
WitWuiirereasing water concentration im tiesemmixturess» Mpassevident 
that the Tl” ion is preter eitially sOlvared pyawater molecules, 

4. It has been found that the half-wave potential of meinen 
exhibits a dependence upon the nature and concentration (0.03 to 
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Chapter 4 


A Conductance Study of Thallium (I) Acetate in Water and Selected 


Binary Aqueous/Solvent Mixtures at 25eG 


BACKGROUND 

Spectroscopic and polarographic studies on thallium (I) acetate 
in acetonitrile discussed in chapters 2 and 3 have indicated that the 
salt undergoes emia formation according to the equilibrium: 

ie. a O) caper lO Ac. 

where T1* and OAc’ are solvated free ions and Tl1+OAc_ is an ion- 
pair which will not contribute to the conductivity of the solution, 
The ultraviolet absorption spectra of TlOAc in p-dioxane, iso-propyl 
alcohol, and in several binary mixtures of the two solvents with 
water also showed the existence of ion-pairs. However, since 
spectrophotometric and polarographic techniques do not yield precise 
information as to the extent of such association, it was decided to 
investigate the electrical conductance of the salt in binary aqueous 
solvent mixtures of acetonitrile, p-dioxane, and iso-propyl alcohol. 
Une use Of mixtures was necessary DeeauscalvcecOlupiu iy OLauhoAG 
is low in pure acetonitrile, p-dioxane and iso-propyl alcohol. The 
solvent mixtures also provide a range of dielectric constant from 
20 to 80, thus permitting an assessment of the effect of dielectric 
constant on association. A conductance study of TlOAc was made 
in water at 25°C by Robinson and Davies in too ae This measure- 
ment was repeated in this work for comparison purposes, 


A literature survey indicated that only a limited number of 


investigations of the electrical conductance of thallium (I) salts in 
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non-aqueous solvents have been made. The conductances of TlOAc, 
T1C1O,4 and TINO in water at 25°C have been phudied by Robinson 
and Davies!9 , who reported the conductivity values at infinite 
dilution for TlOAc and T1C1O4 to be 115.63 and 142.65, respectively. 
Phe dissociation constants of TlOAc, T1C104 ane Gl at ASO Seanad 
of TINO, at 18°C in water have been reported to be 1.2, 1.0, 0.37 
ands0s43 9% respectively!®, Nair and Neneh studied the 
conductivity of T1Cl at 40°C, and TiBr at 25° and 40°C in aqueous 
solutions. Conductometric investigations for TlOAc and TINO, in 
formamide, which has very high dielectric constant (109.5), have 
been made at 25°C by Tewari and Johari>®. iiteysreported stne 


limiting equivalent conductances of TlOAc and TINO, to be 31.02 


3 
and 20.00, respectively. The anomalous behavior of TlOAc and 
TINO, as compared with alkali metal acetates and nitrates even in a 
high dielectric constant solvent such as formamide was attributed 
to ion aanactsemn.. Yeager and ia tec ak reported the limiting 
equivalent conductances for TIClO, and TIBF, in acetonitrile at 
Poa bo Deah) > ecnand 199.15 and gavelvalues of the association 
constants for the salts to be 32 and 14, respectively. Conductance 
measurements of T1Cl in dioxane/water mixtures at 25°C have been 
made by Pomcr inet. 

It is the purpose of this study to examine the conductometric 
behavior of TlOAc in water and binary aqueous solvent mixtures of 
acetonitrile, along with other solvent systems such as p-dioxane/ 


water and iso-propyl alcohol/water, in order to obtain information 


about ion solvation and ion-pair formation of the salt. 
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EXPERIMENTAL 


Salt and Solvent Preparation 


Ultra-pure grade thallium (I) acetate (Alfa Inorganics, Inc.) 
was used without further purification; it was dried at 120°C for 
6 hours in a vacuum oven. Thallium (1) perchlorate (Varlacoid 
Chemical Co.) was recrystallized three times from deionized 
water and dried in a vacuum oven at 120°C for 12 hours. 

Conductivity water was obtained by the method described in 
chapter 2a 9 [he specitie conductanceswas of thevorder of 3 x ut 
ohm7! cm7}, 

Purifved acetonitrile was preparedsby the methodsort O'Donnell, 


80 


Ayres and Mann”, with minor modifications by Yeager and 


Kratochvil’’, ae Gescriped in ehepter 3. “he specific conductaace 
Of the purified acetonitrile varied iromgs to 10 x may pore eae : 
Spectro-grade p-dioxane and iso-propyl alcohol from Matheson 


Coleman and Bell wereusedinthe preparation of binary aqueous 


solvent mixtures. 


Apparatus 

The conductance cell shown in Fig. 19 was used throughout 
this study. The cell originally designed by Daggett, Bair and 
oa , with a minor modification by ae , was constructed 
from a one-liter conical flask. The top 34/45 standard taper joint 
is for a salt cup dispenser, while the 24/40 side-arm connection 


is for solvent addition. The electrodes, constructed from 0.2 mm 
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Figure 19, One-liter conductance cell, 
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thick platinum metal, were 14 mm in diameter and were backed 
with glass for extra rigidity (A). The electrode Spacing was 
approximately 4 cm, giving a cell constant of about 0.7 cm7!, 
The cell had copper wires silver-soldered directly to the platinum 
electrode leads (B). This cell used approximately 900 ml of 
solvent for a conductance run, was easy to handle and had a fairly 
stable cell constant. The cell was calibrated by the procedure 
of Lind, Zwolenik and Wuosse. ,» who calculated an averaged 
conductance equation for aqueous potassium chloride solutions using 
data of several workers. This equation has an estimated accuracy 
omUnOl%jup to.0.012 M. The cell constant at several concentrations 
of potassium chloride was determined using this equation; the 
average cell constant was found to be 0.6970 cml, 

A diagram of the salt cup dispensing device for delivering 
salt samples to the conductance cell without exposing the cell con- 
tentoetoiwhne atmosphere is Shown ipkio. 20. The cup dispenser 


was originally designed by Kay, Hales and Cunntaeiern The 


60/50 standard taper joint and stopcock were lubricated with silicone 


grease. The tungsten metal pins B were sealed into glass and hold 
Letlon dises, © nd Din place. ) Disc.D contains one holevand C 
eight. One end/of steel pin A is fitted into a short piece of tubing 


sealed into the top of the dispenser and the other end fits into disc C. 
When the top of the dispenser is turned the upper Teflon disc rotates 
and successively drops eight salt sample cups into the solution. 


Pyrex glass cups (10 mm in height and 8 mm in diameter) were used. 
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Electrical conductance was measured with a Leeds and 
Northrup Dike-Jones conductance bridge in conjunction with a 
General Radio Model 1310-A signal generator and Model 1323-A 
tuned amplifier -null detector. Fig. 21 illustrates a diagram of 
the electrical apparatus. The components were separated several 
feet from each other to prevent electrical interaction. All leads 
were electrically shielded and the shields as well as the Wagner 
earthing device on the bridge were grounded. The ground consisted 
of a heavy gauge insulated copper cable connected to a metal rod 
driven into the ground. A 30,000 ohm shunt arrangement was used 
for measuring very high resistances. The frequencies of the 
Signals employed were 1, 2 and 5 KHz (kilocveles per second). The 
change in measured Bema i tes 1 and 5 KHz was generally 
about 0.1%. The resistances were corrected for a small frequency 
dependence by extrapolating measurements at 1, 2 and 5 KHz to 
infinite frequency. 

Temperature control'is extremely important in conductance 
measurements because conductance of an electrolyte is a function 
Or teimpermuure (€,¢. the*chanpe 15 penerally Oimthe order of +1 to 
t2% per degree)meyiherefornesespecial care was taken to maintain 
a constant temperature near 25aC during all conductance measure- 
ments, 

The thermostat bath consisted of a seven-gallon glass vessel 
insulated with 2 inches of fiberglass and filled with light paraffin oil 


0) 
(Fisher Scientific Co). A constant temperature of 25 C was 
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| Detector Oscillator 
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Figure 21, Electrical components for conductance measurements. 
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maintained, The bath was stirred with a heavy duty stirring motor 
(Fisher Catalog No. 14-501-5vl). A Fisher Proportional Temper - 
ature Control (Catalog No. 15-177-50) with a thermistor probe and 

a 300 watt heating element provided temperature control. The bath 
temperature was adjusted to 25 * 0.003°C with the use of a Beckmann 
differential thermometer calibrated by using a Leeds and Northrup 
platinum-resistance thermometer, type G-1 Mueller bridge and 
optical scale galvanometer, The temperature was maintained 


within 0.003 of 25°C during all measurements. 


Moxeperimental procedure 


ihe salt cups and Teflon-coated stirring bar were cleaned 
with aqua regia, and then rinsed 8 to 10 times with distilled water 
elidecamec stir es with conductance water to prevent impurities from 
beidemntrodUcedinLomiie experimental cy Stet. eelhe; conductance 
cell was cleaned with concentrated nitric acid, rinsed several times 
with distilled water and conductance water and dried at 110° for 
several hours. Frequently the salt cups and the conductance cell 
were treated with alcoholic sodium hydroxide, followed by 2 M 
hydrochloric acid solution as precaution against organic impurities 
which might have come from conductance water prepared by passage 
through an ion-exchange column, 

Dried thallium (I) salts were weighed in the salt cups in air on 
a Sartorius Model 2462 analytical balance to * 0.0001 g and placed 


in a desiccator over magnesium perchlorate desiccant until used. 
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To perform a conductance experiment in a binary aqueous 
mixture, the dry conductance cell was capped and weighed ona 
Sartorius Model 2250 top-loading balance to*0.02 g. Thena 
calculated amount of purified organic solvent was delivered from 
a buret to the cell, the cell was reweighed, and conductivity water 
of calculated volume was delivered from another buret until the 
required volume was reached. The cell was again reweighed. 

The compositions of binary aqueous solvent mixtures were reported 
as percentage by weight, % (w/w). When pure water was used as 

a solvent, the conductivity water was delivered to the weighed cell 
and the cell was reweighed. A 15-inch Teflon-coated magnetic 
stirring bar was added after the conductance cell and solvent had 
been weighed and the cell placed in the thermostat bath. 

After the salt cup dispenser was mounted and temperature 
equilibrium attained, the solvent conductance was measured. This 
was done by placing 30,000 ohms of the bridge resistors in parallel 
with the cell resistance and measuring the equivalent resistance. 
The solvent resistance was then calculated from the measured 
value. 

In order to keep solvent from condensing in the salt cup 
dispenser a heat lamp was directed on the dispenser as needed during 
the measurements. The salt cups were successively dropped into 
a solution being studied and the solution was stirred until no detectable 


change in the measured resistance was observed for 5 to 10 minutes. 
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Once equilibrium was attained the rate of stirring did not 
affect the resistance readings. The temperature was adjusted to 
25 = 0.003°C before resistance readings were made for each cup. 


Resistance measurements were made atl, 2 and 5 KHz. 
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RESULTS AND DISCUSSION 


Solvent properties at 25°C are listed in Table XIII, where D 
¢secielectric constant, 7” is viscosity, dis density, and « and @ 
aresconstants,  The*constants « and 4 are functions of the temper - 
ature, dielectric constant and viscosity of the solvent as well as the 
solute charge type. The values of « and can be obtained from the 


Debye-Hiickel-Onsager equation, that is 


Bene 10> 82.5 
Slope (S) = —__— /\, —_——— gk) 
(D x T)3/2 De ey 
Se eatee/2 (12) 
8,20 x 10° 
where AK = 


Ye 
oa. 2 


ik 


absolute temperature 

The molar concentrations (c, moles liter‘) and measured 
equivalent conductances a : SMA ema Sorel. ais) of thallium (1) 
acetate in water, acetonitrile/water , p-dioxane/water , and iso- 
propyl alcohol/water mixtures are summarized in Table XIV. The 
data obtained from thallium (I) perchlorate in 86.8% (w/w) aceto- 
nitrile/water mixture is presented in Table XV. Typical plots of 
‘\ against cll2 (onorecamem cae) fOr @ Ac and TICIO, are shown 
im iguases 22025, 24 and 25. 3 he plot tor PlOAcin water was-a 


straight line which was extrapolated to the limiting molar conduct- 


ance of 115.54 as compared with 115.63 reported by Robinson and 
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TABLE XIV 
Measured Equivalent Conductances of Thallium (I) acetate in Water 


and Binary Water/solvent Mixtures at 25°C 
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TABLE XIV - Continued 


Genin 


In 49.8% (w/w) iso-PrOH 
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aie Yale 195d 
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Measured Equivalent Conductances of Thallium (I) perchlorate at 
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Figure 22. Equivalent conductance as function OL COnCeniraliron 
fom PIOAc in; water (curve 1)¥ 20.6% acetonitrile (curve 1), 
43.8% acetonitrile (curve III), 70.0% acetonitrile (curve IV), and 


86.8% acetonitrile (curve V). 
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Figure 23, Equivalent conductance as function of concentration 


for TlOAc in: 39.8% p-dioxane (eux il) Gas 215 p-dioxane 


(curve II), and 69.7% p-dioxane (curve III). 
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Figure 24, Equivalent conductance as function of concentration 
for T1OAc in: 38.5% iso-PrOH (curve I), 49.8% iso-PrOH 


(curve II), and 73.3% iso-PrOH (curve Hil). 
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Figure 25. Equivalent conductance as function of concentration 
for T1C10, (curve I) and T1lOAc (curve II) in 86.8% acetonitrile/ 


water mixture. 
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94 
Davies!9, The slope and the limiting equivalent conductance (he ) 
were calculated by the least-squares method. 

Figure 22 illustrates the curves of i vs. git fore i1OAe in 
water and in a series of acetonitrile/water mixtures. It is seen 
that the first four curves show a linear relationship while the fifth 
one (86.8% acetonitrile solution) has an upward curvature which 
clearly indicates ion-pair formation. The most interesting fact 
evident in Fig. 22 is the crossover that occurred in 70.0% (w/w) 
Peet einale and 86.8% (w/w) acetonitrile solutions. This cross- 
over observed in the low concentration region may be attributed to 
the decrease in viscosity of solution with increasing acetonitrile 
concentration, giving rise to high mobilities of T1* and OAc” ions 
Inethe two oaixtunesram Uhissicamcontrast witherhie gsamescurnves in 
the high concentration region, where ion-pair formation overcomes 
the viscosity effect, resulting in relatively low values of conductance. 

The phoreograms of TlOAc ina series of p-dioxane/water and 
iso-propyl alcohol/water mixtures are shown in Figures 23 and 24, 
respectively. Although the p-dioxane/water series has a dielectric 
constant range similar to that of the iso-propyl alcohol/water series 
(ca. 20 to 50), the latter series has a higher viscosity range. 
Therefore, the low values of conductance observed in iso-propyl 
alcohol/water solutions may be attributed to the effect of the viscosity 
of the solvent system. It should be noted that curve III of Fig. 23 
in which the data was obtained from 69.7% (w/w) p-dioxane/water 


solution also shows an upward curvature as similar to curve V of 
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Fig. 22. It is obvious that extensive association of TlOAc is 
occurring in 69.7% (w/w) p-dioxane/water and 86.8% (w/w) aceto- 
nitrile/water solutions. 

The limiting equivalent conductances and the comparison of 
the experimental slope with the Onsager slope for TlOAc are 
summarized in Table XVI. The limiting equivalent conductances 
in 86.8% (w/w) acetonitrile/water and in 69.7% (w/w) p-dioxane/ 
water solutions could not be accurately determined because of the 
cumgvatire of the phoreoprams (see curye Il, Figs 25 and curve ll; 
Mice 29). 8 lL hus athe values of dv reported for these two mixtures 
are only approximate. The definite curvature on the phoreograms 
clearly indicates significant association in the two solvent systems. 

Hhegast column of Table XVI gives the deviationvof the 
experimental slope from the Onsager slope. The slight deviation 
observed from TlOAc in water showed essentially complete dis- 
B0ctation ot the salt. As expected, in binary aqueous solvent 
mixtures the slopes are steeper (increasing values of QS) with 
increasing non-aqueous concentrations , indicating that TlOAc is 
somewhat associated in these solutions. It should be noted that 
the experimental slope for TlOAc is markedly different from the 
Onsager slope in 86.8% (w/w) acetonitrile/water mixture in compar - 
ison with that for T1C1lO, in the same mixture, Fig. 25 illustrates 
the phoreograms of the two salts in the solvent system. The com- 
parison suggests that TlOAc behaves as a weak electrolyte in this 
solution, existing largely as ion-pairs, whereas T1IC1O, exhibits 


strong electrolyte behavior in the same solution. 
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The limiting equivalent conductances (/\ ») and Walden's 
products of thallium (I) acetate in various solvent systems are 
Weted im laples<Vil- According to Weldens rule, the product 
is constant, i.e., 

ye Lee = constant 
which is derivable from Stokes' law. Applying the Stokes' law of 
ionic motion, the Ns uy ' product is inversely proportional to the 


effective ionic radius, © ,-as Piven by: 


Aon x = 


ig 
As seen from Table XVII the limiting equivalent conductance-viscosity 
products (Walden's products) are obviously not constant, showing 
that Walden's rule is not valid in any of these cases. The 
MLcOmustancy, OL tic products piherciore ;imayibe attributed. to 
variations in the effective radii of T1* and OAc” ions within the 
primary solvation sheath as the concentration of non-aqueous 
solvent increased, presumably owing to dehydration. From these 
results, it is seen that not only the viscosity of the medium, but 
also the degree of ion solvation plays a dominant role on the 
inconstancy in L\ ik 

A plot of the variation inl\, with the composition of aceto- 
nitrile for TlOAc in acetonitrile/water mixtures is presented in 
Fig. 26. The curve shows a flat region in the range between 10 
and 40 mole percent of acetonitrile. The shape of this curve is 
Similar to that reported by igre vetlese who studied solvent selectivity 


Of Go) 40ns 1m thas solvent mixture by the Nv M.uR. technique. 
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Limiting equivalent conductances and Walden's productsuatec 5G 


for thallium (I) acetate in various solutions 


Solvent 


W ater 


20.6% (w/w) Acetonitrile 


43.8% (w/w) Acetonitrile 


70.0% (w/w) Acetonitrile 


86.8% (w/w) Acetonitrile 


39.8% (w/w) Dioxane 60.65 ORO a7 104 


52.7% (w/w) Dioxane GVA ays 0.0195 1202 


69.7% (w/w) Dioxane 442 O20 19s 0.849 


38.5% (w/w) Iso-PrOH ee) UTOZ23F eee 


49.8% (w/w) Iso-PrOH 55.60 0.0308 OS) 


73.3% (w/w) Iso-PrOH Zceor 0.0280 Og Ha 


Approximate value. 
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Figure 26. Variation of ie with mole percent of acetonitrile 


for TlOAc in acetonitrile/water mixtures. 
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He reported that the activity coefficient of each component in 
acetonitrile/water system was relatively independent of the solvent 
composition in the plateau region, giving rise to an unusually 
small variation in the ratio of solvent activities in the region. It 
may be assumed that this effect is also the reason for the plateau 
Fecion in fio. 626. 

The ion-pair association constants of thallium (I) acetate in 
a series of acetonitrile/water , p-dioxane/water and isopropyl 
alcohol/water mixtures are summarized in Table XVIII. These 
results were calculated by the Fuoss-Onsager theory, using the 
least-squares computer program employed by oe) 

The high values of the association constant for TlOAc in 
86.8% acetonitrile and 69.7% p-dioxane solutions are obviously due 
to extensive formation of ion-pairs, as represented by the definite 
curvature on the phoreograms shown by curve I], Fig. 23 and 


eurue ill io. 24, respectively. 
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TABLE XVIII 
Association constants of thallium (I) acetate in binary water/ 


solvent mixtures at 256 


Solvent 


20.6% (w/w) Acetonitrile 


43.8% (w/w) Acetonitrile 


70.0% (w/w) Acetonitrile : LAGE 102 
86.8% (w/w) Acetonitrile 41.1 I ata ioe 10° 
39.8% (w/w) Dioxane 44.7 0.0 

69.7% (w/w) Dioxane 1s aire 2 ae 
38.5% (w/w) Iso-PrOH S106 Y ne) 

49.8% (w/w) Iso-PrOH 42.5 1.16 x 10° 


73.3% (w/w) Iso-PrOH O10 Soe a0- 


101 


“Of x 98.1 
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SUMMARY 


iz The conductances at 25°C of thallium (I) acetate in water, 
acetonitrile/water , p-dioxane/water , and iso-propyl alcohol/water 
and of thallium (I) perchlorate in 86.8% (w/w) acetonitrile/water 


have been determined in the concentration range of LOmekto ier 


M. 

2. It is shown that, in 86.8% (w/w) acetonitrile/water mixture, 
TlOAc behaves as a weak electrolyte, whereas TIC1O, shows strong 
electrolyte behavior. The significant association observed for 
TlOAc in this solvent system is attributed to ion-pair formation. 

Oh Dhesexperimental slopes for the plots) of WS o against ele 
foreiMOAG and THIEN), Wereme GimpanrccamyithutnewOnmsagereslODCr mm unc 
large deviation from the theoretical values for TlOAc has been 
attributed to association into ion-pairs. 

4, The variation of Walden's product values as a function of 
dielectric constant of the medium for TlOAc in the solvent systems 
studied is discussed. The inconstancy of the Walden products is 
explained in terms of variations in the ionic radii of the primary 
solvation sheath with solvent composition changes. 

5, The association constants of TlOAc in 86.8% (w/w) aceto- 


nitrile/water and 69.7% (w/w) p-dioxane/water mixtures were 


foundstosbe Zi ax 10° and 1.12 x to, Respectively. 
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